Purpose: The aim of this ex vivo study was to compare the accuracy of radiographic and electronic root canal length determination methods, compared with actual root canal length obtained with stereomicroscope. Materials and Methods: Thirty extracted single-rooted permanent teeth were used for this study. After access preparation, actual length (AL) of the root canal were determined for each tooth by inserting a #15 file until the tip of the file was visible at the apical foramen under a stereomicroscope. The radiographic working length determination was determined with a digital radiographic system and for the electronic measurement all teeth were embedded in an alginate model to test apex locator in-vitro. Data was analyzed using the descriptive statistic and intraclass correlation coefficient. Results: No significant difference was found between the radiographic and electronic root canal working length determination (P>0.05). The percentage of electronic measurements within ±0.5 mm to the apical constriction was 93.34% and 90% for radiographic methods within ±0.5 mm of all cases compared with AL. Conclusions: The present ex vivo study showed that electronic root canal working length determination is not superior to radiographic methods. Both methods provided a good performance in determining the root canal working length.
whereas the electrical resistance between the periodontal ligament and the oral mucous membrane was described by Sunada in 1962 . [10] The distance from physiologic foramen to anatomic foramen of the root canal ranges from 0.5 mm to 1 mm. [11] [12] [13] The first and the second generation of apex locators were not stable and accurate in a canal filled with an electrolyte. [14] Third-generation devices have shown that accurate measurements could be obtained even in the presence of electrolytes, and with accuracy between 85% and 95%. [15] [16] [17] These units have more powerful microprocessors and are able to process the mathematical quotient and algorithm calculations required to give accurate readings. [18] The fourth-generation apex locators are based on the new multi-frequency principle and measured directly and independently during use. The aim of this in vitro study was to compare the accuracy of radiographic and electronic canal length determination methods.
MATERIALS AND METHODS
Thirty extracted single-rooted permanent teeth with mature apices were used for this study. Before the test, the teeth Accurate working length determination is a crucial factor that influences the outcome of root canal therapy. [1] [2] [3] Techniques for determining the root canal length must give reproducible precise results. [4] Root canal length determination is commonly performed using tactile sensation, radiographic methods or apex locators. [5] Traditionally, radiographic working length is the standard measure for endodontic instrumentation and to evaluate the subsequent obturation of the root canal system. [6, 7] However, all of these methods have limitations. [7] Tactile sense and radiographic methods for the determination of the root canal length may be ineffective in this regard. [8] The concept that were stored in a formalin solution 10% then stored in 3% sodium hypochlorite for 2 weeks to clean of extraneous tissue and calculus. A standard access cavity was prepared with a high-speed fissure bur and water. The pulp tissue was removed with a barbed broach. After access preparation, the AL of each root canal was determined. A #15 file (Dentsply Maillefer, Ballaigues, Switzerland) with a silicon stop was inserted into the root canal until the tip of the file was visible at the apical foramen under a stereomicroscope (Olympus SZX 12, Hamburg, Germany) at a magnification of ×12. The distance of the silicone stop to the file tip was measured with a millimetre ruler, then subtracted 0.5 mm from the measurement and registered as the AL. [19] After AL determination, the radiographic working length was determined with a digital radiographic system (Sirona Dental Systems GmbH, Bensheim, Germany). Two radiographs were taken for each tooth by using the parallel technique. The first radiograph was taken to determine the radiograph tooth length, which is defined as the distance between the coronal reference and the radiographic apex; and, second radiograph was taken to determine the radiographic working length. [20, 21] For radiographic working length determination a #15 file (Dentsply Maillefer, Ballaigues, Switzerland) with a silicon stop was inserted into the root canal, and then 1 mm was subtracted from the measurement registered as the radiograph tooth length [ Figure 1 ]. For the electronic measurement all teeth were embedded in an alginate model (Alginate Plus, Henry Schein, Melville, NY USA) to test apex locator in vitro. [22] The alginate was poured into a plastic box, the teeth were embedded and the lip clip electrode of the Root ZX (J.Morita Corp., Tokyo, Japan) apex locator was inserted in alginate prior to its setting. Before using the electronic devices, the canals were rinsed with 3% sodium hypochlorite and relatively dried with a paper point (VDW GmbH, Munich, Germany).
For electronic measurement of the canal length, a #15-file (Dentsply Maillefer, Ballaigues, Switzerland) connected to the Root ZX apex locator and the working length was determined according to the manufacturer. After this the instrument was marked with a silicon stop and measured using a millimetre ruler. Definitively all measurements were compared with actual canal length as a reference standard method. Data were analyzed using the descriptive statistic and ICC.
RESULTS
The mean of absolute differences between radiographic and electronic measurement compared with AL are presented in Table 1 . The cases and percentage values of radiographic and electronic canal measurement are given in Table 2 . The percentage of measurements within ±0.5 to the apical constriction was 90% for radiographic and 93.34% for electronic measurement. The measuring accuracy was similar for both methods, no significant statistical differences were found (P=0.643). The ICC values for the radiographic methods were 0.972 and 0.985 for electronic methods and the results were visualized with Scatter plot [ Figures 2 and 3 ].
DISCUSSION
Working length determination has been discussed in previous publications with contradictory results. Some authors reported better results obtained with apex locator, and others found no differences between radiograph and electronic methods for working length determination. [23] [24] [25] It has been reported that the electronic method for working length determination was satisfactory in 67.8% of cases, versus 50.6% and 61.4% for the conventional and digital radiological methods. None of the techniques were completely satisfactory in establishing the true working length and no differences were between the techniques investigated, [25] whereas the study of Pommer [23] showed that electronic root canal length measuring device provided significantly more accurate results than the radiographs. In contrast to this, the present in vitro study showed that electronic working length determination is not superior to digital radiological methods and this consist with the results of study from Martinez-Lozano et al. [25] Mello-Moura [24] reported that the electronic working length determination gives the best performance compared with others methods, but the combination of radiographs and tactile sense methods provided good results and can be an alternative when electronic resources are not available. Apex locators have been widely studied in vitro using different mediums, such as agar, gelatine or alginate and in the presence of various canal fluids. In this study, the alginate model was used for testing of apex locators in vitro. Different modern apex locators are available for electronic root canal length determining. The Root ZX apex locator showed more precise measurements compared with other apex locators in several studies. [30] [31] [32] [33] For this reason the Root ZX Apex locators were used in this study for electronic measurement of root canal length. In this study, the Root ZX apex locator gave precise and accurate measurements; however, is not superior to digital radiograph methods.
The anatomical variables should be important for accurate working length determination. The highest percentage of working length overestimation was reported in premolar (51%) and molars teeth (22%) compared with incisors. [20] This may be explained by the mesiodistal and buccolingual radiographic investigation that the apical constriction is located laterally in 78 -93% of the cases. [34] Therefore, the radiographic working length determination should be combined with electronic working length determination. [20, 21] CONCLUSION Both, the radiograph and electronic testing methods were similarly accurate in the root canal working length determination. The use of the apex locators is comfortable and quick; however, apex locators used alone without the radiographic method cannot give any information about the curvature and direction of the root canal. 
